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Experimental work with seed of the mountain fynbos proteoid 
Leucadendron xanthoconus (Kuntze) K. Schum. showed that 
this obligate post-fire reseeder stores its current seed crop in 
cones capable of resisting intense heat. Nevertheless, seed 
recovered from non-treated cones of this dioecous species 
germinated readily in the absence of any influence from fire, 
and in some cases remained viable in the soil for two inter-
vening dry summer periods. It was also shown that seeds 
buried at 40 mm depth in native mountain fynbos soil germi-
nated less readily than those at depths of 20 mm and less. I 
suggest that some of the observed germination traits are 
relictual, pre-dating serotiny as an adaptation to fire-driven 
systems, but that their presence might imply functional value 
for long-term survival of populations. 
Proefwerk met die saad van die proteo'ide bergfynbos-plant-
soort Leucadendron xanthoconus het aangetoon dat hierdie 
plantsoort, wat na 'n brand alleenlik van saad voorplant, sy 
jongste saadoes in keels hou wat intensiewe hitte kan weer-
staan. Nietemin, saad van onbehandelde keels van hierdie 
tweehuisige plantsoort het maklik ontkiem sonder enige 
invloed van vuur, en het somtyds in die grond kiembaar gebly 
gedurende twee agtereenvolgende droe somertydperke. 
Daar is ook aangetoon dat saad wat op 'n diepte van 40 mm 
begrawe was, nie so maklik ontkiem het nie soos die wat op 
dieptes van 20 mm en minder begrawe was. Ek stel voor dat 
sommige van die opgemerkte ontkiemingseienskappe relikte 
is, en dat hulle voor serotin ie as 'n aanpassing aan 
brandgeaktiveerde sisteme ontwikkel het, maar dat aanvaar 
kan word dat hul teenwoordigheid van funksionele waarde 
mag wees vir die langtermynoorlewing van bevolkings. 
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Fire is an important and dynamic feature of many mediter-
ranean-type ecosystems. It is a disturbance to which plant 
species comprising the typical sclerophyll vegetation of 
those winter-rainfall regions are adapted (Gill & Groves 
1981). In the mountain fynbos systems of the Cape (Taylor 
1978), re-establishment following fire is an important nexus 
in the life-cycle of many plant species. The heat of a wild-
fire does not penetrate very deeply into the soil (Kruger & 
Bigalke 1984) and vegetative reproduction from below-
ground parts might be seen as the most efficient and safest 
regeneration strategy. Nevertheless, propagation by seed is 
common in fynbos (Kruger 1983). Specialized behaviour, 
such as serotiny (Bond 1985) or myrmecochory (Slingsby & 
Bond 1985), are devices which probably serve primarily as 
protection for seeds against predators (Bond 1984). They 
may, however, also contribute to seed survival by protecting 
seeds from the intense heat of wild-fires. 
125 
Within the Proteaceae, the dioecous genus Leucadendron 
is characterized by bracteate and cone-like female reproduc-
tive structures, and in many species these structures serve as 
serotinous seed stores. Leucadendron xanthoconus (Kuntze) 
K. Schum., the subject of this paper, is just such a species of 
the fynbos region where it occurs in mesic upland sites, on 
acidic soils between the Cape Peninsula and the Agulhas 
Plain (Vogts 1982). Fire will kill a plant and effect the 
almost immediate opening of cones, allowing dispersal of 
the seeds into the newly cleared environment. Fires are most 
likely to occur in late summer, but could take place at any 
time of the year (Kruger 1983). If seeds are released prior to 
the winter rains, germination during the wet period will 
enable seedlings to establish themselves before onset of the 
drought-prone summer (Midgley et al. 1989). In this regard, 
the influence of fire season on seedling recruitment has been 
shown to be significant in serotinous species of Proteaceae 
(Bond et al. 1984; Midgley 1989; Midgley et al. 1989). L. 
xanthoconus unquestionably fits this pattern of regeneration, 
but after the first two seasons the bracts begin to separate, 
and seeds are subject to release even in the absence of fire. 
The questions posed in this paper revolve around the 
weakly developed serotiny of Leucadendron xanthoconus, a 
feature common to other Cape members of the Proteaceae 
(Bond 1985). On the one hand, cones are the fire-adapted 
vehicles of canopy-stored seed, while on the other, large 
amounts of seed are produced and released during the inter-
fire period. If the balance of investment between protective 
cone material and seeds dispersed in the absence of fire 
reflects an adaptive trade-off, it would be useful to consider 
both the real and potential advantages of each trait. Of 
primary importance to the species is the need to survive 
almost certain exposure to fire, temperatures of which may 
be higher than 300°C in the canopy, and up to 550°C at the 
soil surface (Kruger & Bigalke 1984). Canopy-stored seed 
released after fire is undoubtedly the most important source 
of regenerative material for establishment of the next 
generation of the population, but seeds which drop from 
cones during the inter-fire period may also playa role. If a 
fire does not favour cone-borne seed because it is too 
intense, or occurs out of season, then seeds released during 
the inter-fire period may act as a soil-stored reserve for 
regeneration of the population provided they are not 
destroyed during the fire. Seeds could escape the damaging 
heat of fire if they were buried at sufficient depth, an action 
which could realistically be effected by incidental small 
mammal disturbance, or by soil movement in response to 
forces of wind and water. Alternatively, if the inter-fire 
period is too long, seed dispersed into patches opened by 
senescence of the vegetation may also contribute to the 
long-term maintenance of populations. However, the poten-
tial contribution of soil-stored seed to population main-
tenance would necessarily be reflected by longevity of soil-
stored seeds, and the ease with which they germinate. 
In this paper I review some data which describe seed 
germination in Leucadendron xanthoconus. I make an 
assumption that germinability of seeds under conditions 
unrelated to fire reflects the ability of the species to 
regenerate during the inter-fire period, and hence represents 
a trait which could act as an important buffer against un-
certainty of the fire regime. In this context, the following 
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questions are addressed specifically: (i) Is heat treatment a 
necessary prerequisite for seed germination? (ii) Does the 
season of dispersal affect seed germination in the species? 
(iii) What influence does the depth of seed burial have on 
seed germination? (iv) Do seeds retain viabiltiy when buried 
in the soil for more than one season? 
Unless otherwise stated, seeds and soil came from the 
Highlands State Forest near Grabouw in the south-western 
Cape (34°16'S and 19°07'E). Cones of the previous season 
were harvested during late summer and stored at <30°C 
during dehiscence. Obviously abortive seeds were elimi-
nated during visual inspection of each batch. All seeds were 
imbibed in distilled water under vacuum for 24 h before 
sowing to reduce the effects of microsite heterogeneity. 
Physical and chemical characteristics of the soil were 
described elsewhere (Davis 1988), and particulars of the 
individual experiments are outlined below. 
The effect of heat on cone-borne seed was determined 
using unopened cones of between one and two years of age. 
These were harvested during the month of January, wrapped 
in aluminium foil to prevent desiccation during treatment, 
and placed in a muffle furnace preheated to 450°C. Ex-
posure times ranged from 15 s to 5 min. Germinability was 
determined by placing 10 seeds on wet filter paper in a 
germination cabinet with a day/night cycle of 16/8 h, and a 
temperature regime of 20/1O°C, with fluorescent lighting 
during the daytime hours . Seven replicates of each treatment 
were prepared. Germination success was measured after 21 
days before fungal contamination became problematic. 
Soil storage effects were measured on seeds sown at the 
field study site in the Highlands State Forest in early 
October 1987. The site had been cleared 32 months pre-
viously by fire for other experimental work (Davis 1990). 
Twelve sample stations were designated, and at each station 
36 previously imbibed seeds were planted at a depth of 5 
mm. Seedling emergence was monitored over the following 
two years. 
A further test on the influence of burial depth was 
performed on seeds sown at different depths in soil-filled 
seedling trays which were placed in a greenhouse under 
well-watered conditions. Sowing depths of 5, 10, 20 and 40 
mm were arranged in a Latin square arrangement, each 
depth replicated 13 times. Seedling emergence was moni-
tored in four such trays over the following two years. Initia-
tion of this experiment was at the same time as that of the 
field experiment described above. 
Unlike the results obtained by Midgley and Viviers 
(1990) for their selection of serotinous proteaceous shrubs, 
the results in Table 1 indicate that the response in germina-
tion success to heat treatment was limited. Heating for 15 s 
at 450°C produced apparently better germination than all 
other treatments, but this was shown by ANOVA to be an 
insignificant improvement (p > 0.4). Heating for 30 sand 
longer produced no significant depression or stimulation 
relative to the untreated controls. It should be noted that the 
buffering capacity of the freshly picked cones was not 
measured, and that the actual temperature experienced by 
the seeds is not known, nor how this relates to the type of 
heating that occurs in a natural fire situation. A more 
rigorous measurement of seed temperatures under these 
conditions is suggested. 
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Germination of the field-sown seed was very poor during 
the first spring/summer period following the early October 
sowing (Table 2). During the next winter period, which 
extended approximately from 35 to 48 weeks after sowing 
(June to August), germination was greatly enhanced. No 
further germination occurred over the next year, although 
there was a small amount of seedling mortality in some 
sample sets. 
It is apparent from Table 3 that during the first part of the 
observation period, burial depth is negatively associated 
with seedling emergence. When counted eight weeks after 
sowing, plants emerging from seed buried at 5 mm depth 
were significantly more numerous than those from seed 
buried ill 40 mm (p < 0.05; ANOVA and Student-Neuman-
Keuls test), while burial depths of 10 mm and 20 mm pro-
Table 1 Germination success in seeds ex-
tracted from cones exposed to a temperature 
of 450°C for the number of seconds indicated. 
Standard error of the mean for n = 7 is given 
in parentheses 
Time (s) Germination (%) 
0 65 (6.2) 
15 73 (4.2) 
30 55 (9.6) 
60 65 (6.7) 
120 62 (7.0) 
300 55 (6.2) 
Table 2 Seed germination and seedling survival of 
Leucadendron xanfhoconus in a field situation in the 
Highlands Forest Reserve for seeds sown on October 1, 
1987 (week 0), and monitored for two years. Number of 
replicate sets: 12. Table entries represent live seedlings 
as a percentage of seeds sown, with the standard error of 
the mean in parentheses 
Time (weeks) 
4 
46 
56 
108 
Live seedlings (%) 
0.7 (0.35) 
17.2 (2.67) 
15.5 (2.38) 
13.9 (2.51) 
Table 3 Germination of Leucadendron xanfhoconus 
seeds sown at different soil depths and kept under green-
house conditions. Seedling emergence was monitored for 
91 weeks following sowing in early October 1987. Table 
entries are percentage success rates with the standard 
error of the mean in parentheses 
Germination (%) 
Depth Cohort 1 Cohort 2 Cumulative 
(mm) 8 weeks 42 weeks 
5 35.7" (8.75) 21.4' ( 6.52) 57.1 
10 30.4 ,b (6.10) 17.9' ( 6.84) 48.3 
20 25.0'b (5.77) 23.1' ( 3.14) 48.1 
40 3.8b (3.84) 26.9' (10.17) 30.7 
',b Homogeneous groups at 95% level as per Student-Neuman-Kuels 
test within cohorts. 
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duced intermediate success. As with the field experiment 
described above, seasonality is seen to have a profound 
influence, and seeds not germinating in the first season after 
sowing had a high probability of germinating when condi-
tions were favourable the following year. In July of the 
following year, 42 weeks after sowing, many of the seeds 
buried at 40 mm had produced seedlings, and differences in 
cumulative emergence between depths were statistically 
insignificant (tested as above). A very small proportion of 
the seed produced additional seedlings during the following 
winter, viz. nearly two years after sowing, but this was not 
quantified. 
The genus Leucadendron, comprising over 90 taxa, is 
almost entirely restricted to the Cape between Lamberts Bay 
and Grahamstown (Williams 1972). It contains both re-
sprouting and reseeding species, and Midgley (1987), in a 
study of its phylogeny, concluded that resprouting is a fire-
adapted reproductive strategy more recently derived than 
serotiny in the genus. Nearly as common as serotiny, which 
occurred in 48% of Midgley's (1987) set of 79 sample 
species, is passive storage of seed in the soil (35% of the 
sample set). He (Midgley 1987) regarded this as a primitive 
reproductive feature, pre-dating even serotiny. The modem 
occurrence of these various regenerative mechanisms within 
the genus implies that all may have advantages as adapta-
tions to the typically fire-prone environment of the fynbos . 
The noted incompleteness of serotiny in Leucadendron 
xanthoconus, and the ability for seed to be stored viably in 
soil for at least one season, suggests residue of the less 
derived alternative survival strategy of passive soil storage 
of seed. If the production of seed which goes unused repre-
sents a costly investment relative to tightly fire-coupled 
serotiny, then either evolutionary time has been insufficient 
for selective forces to remove redundancies from the regene-
ration strategy, or there is a functional aspect to both seed 
dispersed during the inter-fire period, and to that which is 
viable but refractory. In addition, the small, flat seeds of L. 
xanthoconus may have adaptive value in the south-western 
Cape for medium-distance dispersal by the seasonally strong 
south-east wind. In the case of seed released during the 
inter-fire period, deposition into open patches devoid of 
competition and fuel for intrusion of fire, could provide 
insurance against major deviations from the optimum fire 
period and season. It is clear from the experimental results 
that fresh cones provide an excellent buffer for the seeds 
against high ambient temperatures, almost certainly due to 
the high heat capacity of the moist surrounding tissue. In 
this respect the species is well adapted to fires of reasonably 
high intensity. Results of the· field and greenhouse experi-
ments confirm that seed of this species does not require fire 
to germinate, and it can also remain viable in the soil over 
one intervening summer period, or in some cases two. This 
behaviour supports the notion that the energy diverted to 
continual seed production may have advantages other than 
ensuring a constant supply of current canopy-borne seed for 
dispersal in the event of a fire. 
Serotiny has proved over evolutionary time to be an 
effective strategy for the maintenance of populations in fire-
driven systems such as those of mediterranean-type regions. 
Human intervention has, however, had a profound effect on 
127 
the integrity and functioning of those systems. This is 
especially true of fire, which has either been encouraged to 
promote pasture species, or been suppressed for conserva-
tion reasons. The practical constraints of fire-management, 
which include the high risks of wild-fires to human life and 
property, will continue to impose unnatural fire regimes on 
all but the remotest of systems. This means that mechanisms 
of plant population regeneration evolved under the complex 
set of influences which dictate the occurrence, intensity and 
periodicity of fire, may break down as effective agencies of 
species perpetuation in managed systems. Results presented 
here imply that Leucadendron xanthoconus and other 
weakly serotinous species may be pre-adapted to altered fire 
environments by maintaining production of seeds with rela-
tively undemanding requirements for germination, and with 
the capacity for medium-term soil storage. Expanding the 
knowledge base of plant population regeneration traits wiII 
assist the development of effective management strategies to 
cope with conservation of natural systems subject to in-
creasing levels of human-induced stress. 
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